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@ Catheter equipped with a dilatation element.

@ A catheter equipped with a dilatation element
comprising, an inner tube having a first lumen open
at the distal end, an outer tube which surrounds the
inner tube so that a predetermined length of the
distal end of the inner tube extends out of the distal
end of the outer tube and a second lumen is formed
between the outer surface and the inner tube, a
foldable dilatation element which has the front and
rear end portions attached fo the inner tube and the

outer tube respectively and whose internal space
communicates with the second lumen, a first open-
ing which communicates with the first lumen at the
proximal end of the inner fube, and a second open-
ing which communicates with the second lumen at
the proximai end of the outer tube, and character-
ized in that a portion near the distal end of the outer
tube is fixed to the inner tube without blocking the
second lumen.

FIG. 1
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FIELD OF THE INVENTION

The present invention relates to a catheter
equipped with a dilatation element for tireating
stenosis of blood vessels by dilating the stenotic
sections and restoring the blood stream to the
peripheral side of those sections.

BACKGROUND OF THE INVENTION

As a catheter equipped with a dilatation ele-
ment for dilating stenotic sections in blood vessels,
so called Simpson-Robert type catheter disclosed
in the specification of U.S. patent No. 4,323,071 is
used.

The stenotic lesions in blood vessels which
could be treated by the early models of this type of
catheter were limited to those in the proximity of
the coronary arteries anatomically, of about 15 to
20 mm in length, localized in a single branch, and
not calcificated. But improved in order to expand
the treatable lesions, later models have become
able to treat more serious stenctic lesions such as
sub-total obliteration and at more peripheral-side
vessels.

The applicant of this application has previously
proposed another catheter which comprises an in-
ner tube, an outer tube disposed coaxial in the
inner tube, and a dilatation element attached to the
inner and outer tubes, as described in International
Publication No. W088/6464.

In the Simpson-Robert type catheter described
-in U.S. patent 4,323,071 and the one disclosed in
the International Publication No. WQ88/6464, the
inner and outer tubes are fixed at their proximal
ends, while the rear end of a dilation element is
attached to the distal end of the outer tube and the
front end to the distal end of the inner tube. The
outer and inner fubes are thus connected by the
intermediary of the dilatation element at their distal
ends.

The coaxial-type catheters as disclosed in U.S.
patent 4,323,071 and in the International Publica-
tion No. WOB8/6464 are inseried into vessels with
the dilatation element folded up around the inner
fube. While being advanced in vessels, a small
displacement of the relative position of the outer
and inner tubes can occur due to the frictional
resistance exerted over the dilatation element and
the force from the inner wall of blood vessels
against the inner tube when the tip of the inner
tube is in contact with the vessel wall. This dis-
placement between the outer and inner tubes pulls
or pushes the ends of the folded dilatation element.
This force can cause the deformation of the dilata-
tion element and sometimes the dilatation element
expands thicker in the outer diameter than in its
completely folded state. In that case, manipulation
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of the catheter, particularly insertion of the dilata-
tion element into stenotic sections becomes dif-
ficult.

SUMMARY OF THE INVENTION

The object of this invention is to solve the
above problems and provide a new and improved
catheter equipped with a dilatation element which
can prevent the slight displacement of the relative
position of the inner and outer tube while being
advanced in blood vessels and hence the undesira-
ble expansion of the dilation element caused by
the displacement and thereby makes easier the
manipulation of the catheter, particularly the inser-
fion of the distal end of the catheter into stenotic
sections in blood vessels.

The above objects are attained by the catheter
comprising, an inner tube having a first lumen open
at the distal end, an outer tube which surrounds the
inner tube so that a predetermined length of the
distal end of the inner tube extends out of the distal
end of the outer tube and a second lumen is
formed between the inner surface of the outer tube
and the outer surface of the inner tube, a foldable
dilatation element which has the front and rear end
portions attached to the inner tube and the outer
fube respectively and whose internal space com-
municates with the second lumen, a first opening
which communicates with the first lumen at the
proximal end of the inner tube, and a second
opening which communicates with the second
lumen at the proximal end of the outer tube, a
fixing member inserted between the outer tube and
the inner tube at a position a certain distance from
the distal end of the outer tube toward the proximal
end, the outer tube is fixed o the inner tube
without blocking the second lumen by the fixing
member, and the distal end portion of the outer
tube is not fixed to the inner tube.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an enlarged cross-sectional view of
the distal region of an embodiment of the cathster
equipped with a dilatation element according to the
present invention.

FIG. 2 is a cross-sectional view taken along the
line i<l in FIG. 1.

FIG. 3 shows the proximal region of an em-
bodiment of the catheter equipped with a dilatation
element according to the present invention.

FIG. 4 is a cross-sectional view taken along the
line 1+l in FIG. 1.

FIG. 5 is a cross-sectional view taken along the
line ill-ll in FIG. 1.

FIG. 6 is a cross-sectional view of the proximal
region of an embodiment of the catheter equipped
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with a dilatation element according to the present
invention.

FIGS. 7 and 8 are a cross-sectional view of
other embodiments of the catheter equipped with a
dilatation element according to the present inven-
tion, respectively.

FIGS. 9 and 10 illustrate the steps for fixing the
outer and inner tubes in the manufacturing process
of the catheter equipped with a dilatation element
according to the present invention.

FIGS. 11 to 15 illustrate the function of the
catheter equipped with a dilatation element accord-
ing to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a cross-section of the distal re-
gion of an embodiment of the catheter equipped
with a dilatation element according to the present
invention and FIG. 3 shows the proximal region of
the catheter.

The catheter equipped with a dilatation element
of the present invention 40 comprises an inner fube
1 having a first lumen 4 open at the distal end; an
outer tube 2 which encases the inner tube 1 so that
a predetermined length of the distal end portion of
the inner tube 1 extends out of the distal end of the
outer tube and a second lumen 6 is formed be-
tween the inner surface of the outer tube 2 and the
outer surface of the inner tube 1; a foldable dilata-
tion element 3 which has the front end portion 7
and the rear end portion 8 atiached to the inner
tube 1 and the outer tube 2 respectively and whose
internal space is connected with the second lumen
6 near the rear end portion; a first opening 9 which
is connected to the first lumen 4 at the proximal
end of the inner tube 1; and a second opening 11
which is communicated with the second lumen 6 at
the proximal end of the outer tube 2. A portion near
the distal end of the outer tube 2 is fixed to the
inner tube 1 without blocking the second lumen 6.

The proximal ends of the outer and inner tubes
1 and 2 are inserted into a branched hub 20 and
held securely. The first and second openings 9 and
11 are formed in the branched hub 20. The first
jumen 4 is a pass for inserting a guide wire and its
proximal end is connected with the opening 9
which serves as a guide wire port.

The inner tube has an outer diameter ranging
from 0.30 to 2.50 mm, preferably 0.40 to 2.40 mm
and an inner diameter ranging from 0.20 to 2.35
mm, preferably 0.25 to 1.80 mm.

The material preferable for forming the inner
fube 1 has a certain amount of flexibility. The
materials usable for the inner tube 1 are thermo-
plastic resins such as polyolefin (polyethylene,
polypropylene,  ethylene-propylene  copolymer,
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sthylene-vinyl acetate copolymer, etc.), polyvinyl
chloride, polyamide elastomer and polyurethane.
Of the above materials, the olefin resins are more
preferable.

The outer tube 2 surrounds the inner tube 1 so
that a predetermined length of the distal end por-
tion of the inner tube 1 extends out of the outer
tube. As shown in FIG. 5 which is a cross-sectional
view taken along the line llI-iil in FIG. 1, the second
lumen 6 is formed between the inner surface of this
outer tube 2 and the outer surface of the inner tube
1 and thus has a sufficient capacity. The distal end
of the second lumen 6 is connected with the rear
end portion of the internal space of the dilatation
element 3 hereinafter described. The proximal end
of the second lumen 6 is connected with the sec-
ond opening 11 formed in the branched hub 20
which is an injection port for injecting a fluid such
as a radiographic contrast medium to expand the
dilatation element 3.

The distal end portion of the outer tube 2 is
fixed to the inner tube 1 in such a manner that the
second lumen 6 is not blocked. More specifically,
the outer tube 2 is fixed to the inner tube 1 at a
position a certain distance from its distal end to-
ward the proximal side by a fixing member 5 as
shown in FIG. 1 and in FIG. 2 which is a cross-
sectional view taken along the line I-i in FIG. 1. In
this embodiment, the outer and inner tubes 1 and 2
are fixed by means of a fixing member 5. The
fixing member 5 has a cut 5a through ‘which the
second lumen 6 and the inside of the dilatation
element 3 communicate. By thus fixing the distal
end portion of the outer tube 2 to the inner tube 1,
a slight displacement between the outer and inner
tubes during insertion into vessels can be pre-
vented and consequently a result the deformation
of the folded dilatation element caused by the
dislocation can also be suppressed. The fixing
member 5 is welded to the outer and inner tubes
by heat, ultrasonic wave or adhesives. Therefore,
the material suitable for the fixing member 5 is
easily welded to the materials of the outer and
inner tubes. Preferably the fixing member 5 has
about the same inner diameter as the outer diam-
eter of the inner fube 1 and about the same outer
diameter as the inner diameter of the outer tube 2.
The lengthwise dimension of the fixing member 5
is 1 to 10 mm, preferably 2 to 8 mm. Materials
usable for the fixing member 5 vary depending on
the materials used for the inner and outer tubes
and when the inner and outer tubes are formed of
the polyolefin material, for example, EVA (ethylene
vinyl acetate) is preferable. The ratio of the unbro-
ken part of the fixing member 5 to the whole
circumference is greater than 1/3, preferably great-
er than 1/2, more preferably 0.5 to 0.95, and most
preferably 0.6 to 0.93. With the ratio within this
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range, the fixing member 5 does not substantially
block the communication between the second
lumen 6 and the inside of the dilatation element 3
and can securely fix the outer and inner tubes. The
shape of the fixing member 5 is not limited to a
broken ring as shown in FIG. 2, but may be trian-
gular, rectangular, polyangular such as hexagonal
as shown in FIG. 8, gear-like as shown in FIG. 7 or
flat.

The distal end portion of the outer tube 2 is
preferably tapered as shown in FIG. 1 and the
distal end is preferably not fixed to the inner tube
1. By this construction, concentration of the stress
fo the portions where the inner tube 1 and outer
tube 2 are fixed to each other by the fixing mem-
ber 5 and hence the kinking of the catheter caused
by the conceniration of the stress can be pre-
vented.

The outer tube has an outside diameter from
0.50 to 4.30 mm, preferably 0.60 to 4.00 mm and
an inside diameter ranging from 0.40 to 3.80 mm,
preferably 0.50 to 3.00 mm.

The material preferable for forming the outer
fube 2 has a certain amount of flexibility. Materials
usable for the outer tube 2 include thermoplastic
resins such as polyolefin (polyethylene, poly-
propylens, ethylene-propylene copolymer,
ethylene-vinyl acetate copolymer, etc.), polyvinyl
chloride, polyamide elastomer and polyurethane.
Of the above materials, the olefin resins are par-
ticularly preferable.

It is desirable to dispose a rigidity-imparting
member 13 in the second lumen 6. The rigidity-
imparting member 13 extends in the second lumen
6 formed between the inside surface of the outer
tube 2 and the outside surface of the inner tube 1
from the proximal end of the catheter to near the
distal end of the outer tube 2. This rigidity-impart-
ing member 13 prevents too-sharp curving at
bends in vessels and winding in vessels of the
catheter and thereby makes it easy to fixing mem-
ber the catheter tip into stenotic sections, without
reducing the flexibility of the catheter.

The rigidity-imparting member 13 is preferably
made of a wire material. A preferable wire material
is metal wire with a diameter of 0.05 to 1.50 mm,
preferably from 0.10 to 1.00 mm. Preferable metal
wire is wire of resilient metals such as stainless
steel and super elastic alloys. Wire of high tensile-
strength stainless spring steel, super elastic alloys,
for example, Ni-Ti alloy, and Cu-Al-Ni alloy is espe-
cially preferable. It is desirable that the rigidity-
imparting member 13 is secured at the proximal
portion and left free at both middle and distal
portions. Not secured at the distal and middle
portions, the rigidity-imparting member 13 can
slide in the second lumen 6 and does not reduce
the flexibility of the distal end of the catheter. By
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disposition of such a rigidity-imparting member 13,
winding of the catheter in vessels can be sup-
pressed. As a resuli, thrust force applied from the
proximal region of the catheter is transmitted up to
the distal end without being absorbed by bending
parts. Thus manipulation of the catheter, particu-
larly insertion of the distal end of the catheter
(portion at which the dilatation element is attached)
into stenotic sections is made much easier and it
becomes possible to fixing member the distal end
even into serious stenotic sections (sub-total oblit-
eration) in blood vessels.

The dilation element 3 is foldable and is folded
together on the outer circumference of the inner
tube 1 when it is deflated. The dilatation element 3
has a substantially cylindrical portion 3a of an
approximately uniform diameter. The portion 3a
must not necessarily be a complete cylinder, but
may be polygonal in cross section as far as a part
of it is substantially cylindrical. The front end por-
tion 7 and rear end portion 8 of the dilatation
element 3 are attached to the distal end portion of
the inner tube 1 and that of the outer tube 2,
respectively, in a liquid-tight seal by means of an
adhesive or heating. When the distal end portion of
the outer tube 2 is tapered as shown in FIG. 1, the
rear end 8 of the dilatation element 3 may be
attached to the tapered portion. A hollow space 15
is formed between the inner surface of the dilata-
tion element 3 and the outer surface of the inner
tube 1 as shown in FIG. 4 which is a cross-
sectional view taken along the line -l in FIG. 1. At
the region near the rear end, the hollow space 15
is in communication with the second lumen 6
through the cut 5a in the fixing member 5.

The material preferable for the dilatation ele-
ment 3 has a certain amount of flexibility. Materials
usable for the dilatation element 3 include thermo-
plastic resins such as polyolefin (polyethylens,
polypropylene, ethylene-propylene  copolymer,
ethylene-vinyl acetate copolymer, cross-linked
ethylene-viny!l acetate copolymer, etc.), polyvinyl
chloride, polyamide elastomer, polyurethane and
polyester. Of the above materials, thermoplastic
resins are preferable, polyester is more preferable,
and polyethylene terephtalate is especially prefer-
able.

The dilatation element 3 has tapered poriions
between the front end of the cylindrical portion 3a
and the attached portion 7 to the inner tube 1 and
between the rear end of the cylindrical portion 3a
and the attached portion 8 to the outer tube 2. The
dilatation element 13 has an outside diameter at
the cylindrical region 3a ranging from 1.00 to 35.00
mm. preferably from 1.50 to 30.0 mm and a length
of the same ranging from 3.00 to 80.00 mm, prefer-
ably from 10.00 to 75.0 mm, and an overall length
of 5.00 to 120.00 mm, preferably 15.00 to 100.0
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mm.

It is desirable to dispose a reinforcing member
14 around the outside surface of the inner tube 1.
The reinforcing member 14 is preferably made of a
coil spring. By using a reinforcing member in the
form of a coil spring, kinking and collapsing of the
inner tube 1 within the dilatation element 3 at
bends in vessels can be prevented. The flexural
rigidity of this region is much increased by tightly
fitting a reinforcing member made of a single coil
spring around the outside surface of the inner tube
1. The cross-section of the wire material for the
reinforcing member 14 may be circular, elliptic,
square or of any other appropriate shapes. It is
desirable that the reinforcing member 14 extends
over the length of the inner tube 1 from a position
behind and near the portion where the dilatation
element 3 is attached to the inner tube 1 to a
position in front of and near the portion where the
dilatation element 3 is attached to the outer tube 2,
that is, the reinforcing member 14 has about the
same length as the cylindrical portion 3a of the
dilatation element 3 and is placed at the same
position as the cylindrical portion 3a. By this con-
struction, the reinforcing member 14 can also be
used as a marker. In order to facilitate monitoring
the position of the dilatation element 3 through a
fluoroscope, it is preferable that the reinforcing
member 14 is made of a X-ray opaque material
impervious or only slightly pervious to radiation
such as gold, platinum, tungsten, their alloys and
sliver-palladium alloy and the reinforcing member
14 is densely wound in the regions of 0.5 to 4 mm,
preferably 1 to 2 mm from its front and rear ends.
The reinforcing member 14 is preferably secured in
between the inner tube 1 and the tapered end
portion of the outer tube 2. By this configuration,
the reinforcing member 14 can be firmly fixed.

The branched hub 20 comprises a inner-tube
hub 22 and a outer-tube hub 23. The inner-tube
hub 22 is attached to the inner tube 1 and provided
with a first opening 9 which communicates with the
first lumen 4 and serves a guide wire port. The
outer-tube hub 23 is attached to the outer tube 2
and provided with a second opening 11 which
communicates with the second lumen 6 and serves
as an injection port. The inner-tube hub 22 and
outer-tube hub 23 are connected together into one
body.

FIG. 6 shows a cross section of an embodi-
ment of the branched hub 20. In this embodiment,
a kinking-prevention tube 50 is fitted over the proxi-
mal end of the outer tube 2. The outer tube 2 is
secured to the outertube hub 23 by means of a
clamping member 52 along with the kinking-pre-
vention tube 50. The outer tube 2 may also be
secured to the outer-tube hub 23 by applying an
adhesive between the surfaces of the outer-tube
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hub 23 and the kinking-prevention tube 50. The
materials preferable for the outer-tube hub 23 are
thermoplastic resins such as polycarbonate,
polyamide, polysulfone, polyacrylate, and
methacrylate-butylene-styrene-copolymer.

A kinking-prevention tube 60 is fitted over the
proximal end of the inner tube 1. The proximal end
portion of the rigidity-imparting member 13 is se-
cured by the kinking-prevention tube 60 to the
outside surface of the inner tube 1. The proximal
end portion of the rigidity-imparting member 13
must not necessarily be secured. The inner tube 1
is secured to the inner-tube hub 22 by means of a
clamping member. 62 along with the kinking-pre-
vention tube 60. The inner tube 1 may also be
secured to the inner-tube hub 22 by applying an
adhesive between the surfaces of the inner-tube
hub 22 and the kinking-prevention tube 60. The
materials preferable for the inner-tube hub 22 are
thermoplastic resins such as polycarbonate,
polyamide, polysulfone, polyacrylate, and
methacrylate-butylene-styrene-copolymer. The
inner-tube hub 22 and outer-tube hub 23 are con-
nected in the manner as shown in FIG. 6. Instead
of the branched hub 20, for example, it is also
possible to connect tubes to the proximal ends of
the inner and outer tubes 1 and 2 in a liquid-tight
seal so that the tubes communicate with the first
and second lumens 4 and 6 and then attach port
members provided with an opening at the rear end
o the tubes.

Next, the method for manufacturing the cath-
eter of the present invention is described with
reference to the drawings.

In this embodiment, the process comprises a
step for making the inner tube 1 which has a [umen
extending through from the distal end to the proxi-
mal end; a step for making the outer tube 2 which
is a predetermined length shorter than the inner
tube 1 and has a lumen extending through from the
distal end to the proximal end and whose inner
diameter is greater than the outside diameter of the
inner tube; a step for making the dilatation element
3 which has the front end 7 and rear end 8 and is
contractible or foldable; a step for inserting the
inner tube 1 through the outer tube 2 and fixing the
portion near the distal end of the outer tube 2 to
the inner tube 1; a step for attaching the rear end 8
of the dilatation element 3 to the distal end portion
of the outer tube 2; and a step for attaching the
front end 7 of the dilatation element 3 to the distal
end portion of the inner tube 1.

Each step will be described below taking the
embodiment of the catheter quipped with a dilata-
tion element shown in FIG. 1 as an example.

in the step for making the inner tube 1, inner
tubes are made by forming a tube of one of the
aforementioned thermoplastic resins preferable for
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the inner tube 1 by means of extrusion molding
and then cutting the tube into a predetermined
length or by injection molding.

In the step for making the outer tube 2, outer
tubes are made by the same method as the inner
fube 1.

In the step for making the dilatation element 3,
dilatation elements are made by the process de-
scribed below.

First, a thermoplastic-resin tube is formed of
one of the aforementioned thermoplastic resins
which has a certain amount of flexibility and there-
by suitable for the dilatation element 3. This tube is
put in a mold which has a hollow space formed in
the shape of the dilatation element in its expanded
state. The lumen of the tube is clamped in air-tight
seal near one end and the iube is pulled tight by
the tube holder to eliminate the slack of the tube.
The portion of the tube at which a dilatation ele-
ment is to be formed is heated by a heater up fo a
temperature beyond the second order glass transi-
tion point (Tg) and the heated portion is inflated
and pressed against the inner surface of the mold
by introducing a gas under pressure.

After the tube has cooled down, the mold is re-
moved and both end portions of the tube are cut
off from the dilatation element.

This step for making the dilatation element can
be executed independently of the steps for forming
the inner and outer fubes and put in any order with
respect to those steps.

Next described is the step for providing the
proximal end portion of the outer tube 2 with an
opening 11 communicating with the lumen 8 of the
outer tube 2.

It is desirable that the opening 11 is provided
by means of an outer-tube hub 23 with an opening
attached to the proximal end of the outer tube 2.
The procedure for the embodiment shown in FIG.6
is described below.

First, the kinking-prevention tube 50 is secured
to one end portion of the outer tube 2. To secure to
the outer tube 2, the kinking-prevention tube 50 is
formed of a heat shrinkable material in such a
thickness that the inner diameter becomes a little
smaller than the outer diameter of the outer tube 2
by shrinkage. This kinking-prevention tube 50 is
put on an end portion of the outer tube 2 and
heated by blowing hot air, for example, to cause it
to shrink.

Then the outer-tube hub 23 is attached to this
proximal end portion of the outer tube 2 reinforced
with the kinking-prevention tube 50. The outer-tube
hub 23 is secured by inserting a clamping member
52 having about the same outer diameter as the
inner diameter of the outer tube 2 and a flared end
into the proximal end of the outer tube 2, next
inserting the outer tube 2 from the distal end into
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the outer-tube hub 23 from the rear end side of the
hub 23, and then pushing the clamping member 52
together with the outer tube 2 until the flared end of
the clamping member 52 passes over a projection
54 provided in the inner surface of the outer tube
2. The outer-tube hub 23 may be secured by
applying an adhesive between the inner surface of
the outer-tube hub 23 and the outer surface of the
kinking-prevention tube 50. The materials suitable
for the outer-tube hub are thermoplastic resins
such as polycarbonate, polyamide, polysulfone,
polyacrylate, and methacrylate-butylene-styrene-
copolymer.

This step for providing the proximal end portion
of the outer tube 2 with an opening 11 commu-
nicating with the lumen 6 of the outer tube 2 can
be executed at any time after the step for making
the outer tube 2. It is preferable to execute this
step after the step for attaching the rear end of the
dilatation element 3 to the distal end portion of the
outer tube 2 hereinafter described. This step may
be disposed in any order with respect to the step
for forming the inner tube 1.

Next described is the step for providing the
proximal end portion of the inner tube 1 with an
opening 9 communicating with the lumen 4 of the
inner tube 1.

It is desirable that the opening 9 is provided by
means of an inner-tube hub 22 with an opening 9
attached to the proximal end of the inner tube 1.
The procedure for the embodiment shown in FIG. 6
is described below.

First, the kinking-prevention tube 60 is secured
to one end portion of the inner tube 1. To secure to
the inner tube 1, the kinking-prevention tube 60 is
formed of a heat shrinkable material in such a
thickness that the inner diameter becomes a little
smaller than the outer diameter of the inner tube 1
by shrinkage. This kinking-prevention tube 60 is
put on an end portion of the inner tube 1 and
heated by blowing hot air, for example, to cause it
to shrink. In the embodiment shown in FIG. 6, the
rigidity-imparting element 13 is disposed between
the inner tube 1 and the outer tube 2. The proximal
end portion of the rigidity-imparting element 13 can
be secured simultaneously with fixing of the
kinking-prevention tube 60 to the inner tube 1 by
putting its end between the kinking-prevention tube
60 and the inner tube 1 as shown in Fig. 6 and
heating the tube 60.

Then the inner-tube hub 22 is attached to this
proximal end portion of the inner tube 1 reinforced
with the kinking-prevention tube 60. The inner-tube
hub 22 is secured by inserting a clamping member
62 having about the same outer diameter as the
inner diameter of the inner tube 1 and a flared end
into the proximal end of the inner tube 1, next
inserting the the inner tube 1 from the distal end
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into the inner-tube hub 22 from the rear end side of
the hub 22, and then pushing the clamping mem-
ber 62 together with the inner tube 1 until the flared
end of the clamping member 62 passes over a
projection 64 provided in the inner surface of the
inner tube 1. The inner-tube hub 22 may be se-
cured by applying an adhesive between the inner
surface of the inner-tube hub 22 and the outer
surface of the kinking-prevention tube 60. The ma-
terials suitable for the inner-tube hub are the same
as for the outer-tube hub.

This step for providing the proximal end portion
of the inner tube 1 with an opening 9 communicat-
ing with the lumen 4 of the inner tube 2 can be
executed at any time after the step for making the
inner tube 1. This step may be disposed in any
order with respect to the steps for forming the
outer tube 2, providing the proximal end of the
outer tube 2 with the second opening 11 commu-
nicating with the lumen 6 of the outer tube 2, and
making the dilatation element 3.

Then the inner-tube hub 22 and the outer-tube
hub 23 are connected together by the following
procedure.

As shown in FIG. 6, the inner tube 1 is inserted
from the distal end into the outer-tube hub 23 from
the rear end side of the hub 23 and the front end
portion of the inner-tube hub 22 is then fitted into
the rear end of the outer-tube hub 23. To prevent
the inner tube 1 from kinking during this handling,
it is desirable to insert a mandrel through the inner
tube 1. The inner-tube hub 22 and the outer-tube
hub 23 can be securely connected by applying an
adhesive to the surfaces to contact with each other.

This step for connecting the inner-tube hub 22
and the outer-tube hub 23 may be executed at any
time after the steps for making the inner tube 1 and
attaching the inner-tube hub 22 to the proximal end
of the inner tube 1 and for making the outer tube 2
and attaching the outer-tube hub 23 to the proximal
end of the outer tube 2.

Next described is the step for attaching a por-
tion near the distal end of the outer tube 2 to the
inner tube 1 with reference to FIGS. 9 and 10.

The fixing member 5 is formed of a material
which can be welded to the inner tube 1 and the
outer tube 2 in the shape of a ring with a partial cut
5a. On the other hand, the inner tube 1 with a
mandrel 70 inserted through is inserted into the
outer tube 2. The fixing member 5 is put on the
distal end of the inner tube 1 and pushed into
between the inner tube 1 and the outer tube 2 to
the position a certain distance from the distal end
of the outer tube toward the proximal end, where
both tubes are to be fixed together. A mandrel 72
for preventing the cut 5a from being filled up is
inserted into the outer tube 2 from either distal or
proximal end and passed through the cut 5a. An
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appropriate number of mandrels may be used ac-
cording to the size and number of the cuts in the
fixing member 5. Further, a heat shrinkable tube 74
is put on the outer tube 2 over the region around
the position where the outer tube is fixed to the
inner tube 1. It is desirable that the tube 74 is
made of a material such as heat shrinkable silicone
tube which is not welded to the inner and outer
fubes 1 and 2. This setting is shown in FIG. 9.
Then the heat shrinkable tube 74 is partially heated
by a heater 76 so that only a part of the tube 74
shrinks and the fixing member 5 is welded to the
inner and outer tubes 1 and 2. Since the mandrel
72 is passed through the cut ba, a passage is left
open after the mandrel 72 is pulled out and thus
blockage of the space between the inner and outer
tubes 1 and 2 is prevented when the fixing mem-
ber is melted. Further, by using the heat shrinkable
tube 74, it is possible to fix the inner and outer
tubes 1 and 2 and taper the distal end of the outer
tube 2 simultaneously.

Next described is the step for attaching the
rear end 8 of the dilatation element 3 to the distal
end portion of the outer tube 2.

First, a mandrel having an outer diameter equal
to or a little smaller than the inner diameter of the
inner tube 1 is inserted into the inner tube 1 from
either distal or proximal end. Next, an appropriate
amount of an adhesive is applied to the portion
near the distal end of the outer tube 2 where the
rear end portion 8 of the dilatation element 3 is to
be attached. Then the dilatation element 3 is put on
the distal end of the mandrel and slid on the distal
end portion of the outer tube 2 so that the front
side end of the rear end portion 8 is about the
same position as the distal end of the outer tube 2.
There the rear end portion 8 of the dilatation ele-
ment 3 is bonded to the outer tube 2 by the
adhesive. Heating and curing may be used as
necessary.

To increase the strength of bonding between
the outer tube and the dilatation element, it is
preferable to apply surface treatments such as
corona discharge to the distal end portion of the
outer tube 2.

The step for attaching the front end portion 7 of
the dilatation element 3 to the distal end portion of
the inner tube 1 is described below.

First, a mandrel having an outer diameter equal
to or a little smaller than the inner diameter of the
inner tube 1 is inserted into the inner tube 1 from
either distal or proximal end as in the step for
attaching the rear end portion of the dilatation ele-
ment 3 to the distal end portion of the outer tube 2.
In previous steps, the dilatation element 3 is at-
tached to the outer tube 2, the inner tube 1 is put
in the outer tube 2, and the inner-tube hub 22 and
the outer-tube hub 23 are connected together. The
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front end of the dilatation element 3 extends be-
yond the distal end of the inner tube 1. Next, an
appropriate adhesive is applied to the portion near
the distal end of the inner tube 1 where the front
end portion of the dilatation element 3 and heated
and cured. The front end portion of the dilatation
element 3 is then bonded to the distal end portion
of the inner tube 1. To increase the strength of
bonding between the dilatation element and the
inner tube, it is preferable to apply surface treat-
ments such as corona discharge to the distal end
portion of the inner tube 1. It is also preferable to
put a glass mold on the front end 7 from the distal
end of the mandrel, heat the glass mold by a
heater, and bond the front end 7 so as to sur-
rounds the distal end portion of the inner tube 1.

Molding of the distal end portion is easily made
by inserting the distal end of the inner tube into a
mold (glass mold, metal mold, etc.) with an inner
surface formed in a desired shape and heating the
mold to melt the end of the inner tube into the
shape of the mold.

The operation of the catheter according to the
present invention is described below using embodi-
ments shown in Figs. 1 to 6 with reference to Figs.
11 to 15.

It is desirable to remove the air in the catheter
equipped with a dilatation element as completely
as possible before treating stenosis of blood ves-
sels by dilating the stenotic sections. Therefore, a
suction and injection means such as a syringe is
attached fo the second opening 11 of the catheter
and charged with a liquid such as X-ray conirast
medium to repeat suction and injection. Thus, the
air in the second lumen and the dilatation element
is substituted by the contrast medium and re-
moved.

Before the catheter equipped with a dilation
element 40 is inserted, blood vessels are first de-
termined by means of the Seldinger method or
other methods and a guide-catheter guide wire (not
shown) is left in the vessels. Next, a guide catheter
30 is inserted into the vessels along the guide wire
and engaged in the ostium 32 of the coronary
artery which has the target lesion as shown in FIG.
14. Then guide-catheter guide wire is pull out. After
the guide catheter 30 is engaged in the ostium 32,
the catheter equipped with a dilatation element 40
through which a guide wire 34 is inserted to extend
several centimeters out of the distal end of the
catheter is inseried from the Y-shaped connector
50 at the proximal end of the guide catheter into
the guide catheter as shown in FIG. 11. The cath-
eter 40 advances in the guide catheter 30 and
enters from the distal end of the guide catheter into
the vessel 35 which has the target lesion as shown
in FIG. 15. After that, the guide wire 34 is advanced
toward the target lesion, passed through the
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stenotic section 36, and left in the vessel. Next, the
catheter 40 is advanced in the vessel 35 along the
guide wire 34. When the catheter 40 reaches the
stenotic section, the dilatation element 3 is posi-
tioned in the stenotic section as shown in FIG. 12
monitoring the position of the X-ray opaque maker
14 provided on the inner tube 1 through a fluoro-
scope. After the dilatation element 3 is properly
positioned, a vasographic contrast medium is in-
jected at a pressure from several aimospheres to
ten and several atmospheres by means of the
injector 54 equipped with a pressure gauge which
js connected to the second opening serving as the
injection port of the catheter 40. Thus the dilatation
element 3 is expanded to dilate the stenotic section
36 as shown in FIG. 13. The blood stream in the
peripheral vessels is checked by injecting vasog-
raphic contrast medium from the injection port 52
of the Y-shaped connector 50 of the guide catheter
30. If the improvement of the blood stream is
recognized, the catheter 40 is withdrawn with the
guide wire 34, the guide catheter is pulled out, and
finally achieve hemostasis by tuncture site com-
pression.

Since the catheter equipped with a dilatation
element of the present invention comprises an in-
ner tube having a first lumen open at the distal
end, an outer tube which surrounds the inner tube
so that a predetermined length of the distal end of
the inner tube extends out of the distal end of the
outer tube and a second lumen is formed between
the inner surface of the outer tube and the outer
surface of the inner tube, a foldable dilatation ele-
ment which has the front and rear end portions
attached to the inner tube and the outer tube
respectively and whose internal space communi-
cates with the second lumen, a first opening which
communicates with the first lumen at the proximal
end of the inner tube; a second opening which
communicates with the second lumen at the proxi-
mal end of the, outer tube, a fixing member in-
serted between the outer tube and the inner tube at
a position a certain distance from the distal end of
the outer tube toward the proximal end, the outer
tube is fixed to the inner tube without blocking the
second lumen by the fixing member, and the distal
end portion of the outer tube is not fixed to the
inner tube, it can prevent the the slight difference
in the forward movement of the outer and inner
tubes while being inserted into vessels and hence
the expansion of the outer diameter of the dilatation
element caused by the displacement between both
tubes though it is a coaxial-type catheter whose
inner and outer tubes are disposed coaxial. As a
resulting advantage, the catheter of the present
invention is much easier to manipulate, particularly
to insert the dilatation element of the catheter into
stenotic sections. And concentration of the stress
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to the portions where the inner tube and outer tube
are fixed to each other by the fixing member and
hence the kinking of the catheter caused by the
concentration of the stress can be prevented.

Claims

1. A catheter equipped with a dilatation element
comprising,

an inner tube having a first lumen open at
the distal end;

an outer tube which surrounds the inner
tube so that a predetermined length of the
distal end of the inner tube exiends out of the
distal end of the outer tube and a second
lumen is formed between the inner surface of
the outer tube and the outer surface of the
inner tube;

a foldable dilatation element which has the
front and rear end portions attached fo the
inner tube and the outer tube respectively and
whose internal space communicates with the
second lumen;

a first opening which communicates with
the first lumen at the proximal end of the inner
tube; and
a second opening which communicates with
the second lumen at the proximal end of the
outer tube:

a fixing member inserted between the out-
er tube and the inner tube at a position a
certain distance from the distal end of the
outer tube toward the proximal end thereof,

the outer tube is fixed to the inner tube
without blocking the second lumen by the fix-
ing member, and the distal end portion of the
outer tube is not fixed to the inner tube.

2. A catheter equipped with a dilatation element
in claim 1, wherein a rigidity-imparting member
made of a wire material and extending length-
wise is disposed in said second lumen.

3. A catheter equipped with a dilatation element
in claim 2, wherein the distal end of said
rigidity-imparting member is at the proximal
side of said points where the outer and inner
tube are fixed and left free.

4. A catheter equipped with a dilatation element
in claim 1, wherein said fixing member has
about the same inner diameter as the outer
diameter of said inner tube and about the
same outer diameter as said inner diameter of
the outer tube and further has at least one
partial cut.

5. A catheter equipped with a dilatation element
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10.

1.

in claim 4, wherein said fixing member has the
unbroken part of at least half of the whole
circumference.

A catheter equipped with a dilatation element
in claim 1, wherein said dilatation element has
substantially cylindrical portion in its middle
region and a reinforcing member is disposed
around said inner tube at about the same
lengthwise position as the cylindrical portion of
said dilatation element.

A catheter equipped with a dilatation element
in claim 6, wherein said reinforcing member is
formed of a material substantially impervious
to X-ray.

A catheter equipped with a dilatation element
in claim 6, wherein said reinforcing member is
in the form of a coil of a wire material wound
around said inner tube.

A catheter equipped with a dilatation element
in claims 8, wherein said wire material is
densely wound at both end portions of said
reinforcing member in the form of a cail.

A catheter equipped with a dilatation element
in claim 1, wherein the distal end poriion of
said outer tube is tapered.

A catheter equipped with a dilatation element
in claim 1, wherein the distal end of said outer
tube is tapered and not fixed and the rear
portion of said reinforcing member is held be-
tween the distal end portion of said outer tube
and said inner tube.
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